Strength of Hollow Section Filled with Foam Polypropylene Fibre

Concrete by Shahari, Adibah Alya et al.

Concrete Technology: Research and Applications Series 2 
 
i 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Concrete Technology:  
Research and Applications Series 2 
 
 
 
 
 
 
 
 
Editors 
Shahiron Shahidan 
Sharifah Salwa Mohd Zuki 
Siti Radziah Abdullah 
 
 
 
 
 
 
 
 
 
 
 
 
 
Concrete Technology: Research and Applications Series 2 
 
ii 
 
 
 
 
 
 
Hak cipta terpelihara. Tiada dibenarkan mengeluar ulang mana-mana bahagian 
artikel, ilustrasi, dan isi kandungan buku ini dalam apa juga bentuk dan cara apa 
jua sama ada dengan cara elektronik, fotokopi, mekanik, atau cara lain sebelum 
mendapat izin bertulis daripada Timbalan Naib Canselor (Penyelidikan dan Inovasi), 
Universiti Tun Hussein Onn Malaysia (UTHM), 86400 Parit Raja, Batu Pahat Johor Darul 
Ta‘zim, Malaysia. Perundingan tertakluk kepada perkiraan royalti atau honorarium. 
 
All rights reserved. No part of this publication may be reproduced or transmitted in 
any form or by any means, electronic or mechanical including photocopy, 
recording, or any information storage and retrieval system, without permission in 
writing from Deputy Vice-Chancellor (Research and Innovation), Universiti Tun 
Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor Darul Ta’zim, Malaysia. 
 
 
Perpustakaan Negara Malaysia Cataloguing-in-Publication Data 
 
 
Concrete Technology: Research And Applications Series 2  
Editor Shahiron Shahidan, Sharifah Salwa Mohd Zuki, Siti Rafziah Abdullah 
Co- Editor Nur Amira Afiza Saiful Bahari, Alif Syazani Leman, Mohamad Syamir 
Senin, Nor Hazurina Othman, Razaanah Mardhiyah, Siti Barkeh Yahya,  
Includes index Bibliography:  
ISBN 978-967-2116-33-9 
 
 
 
Diterbitkan di Malaysia oleh / Published in Malaysia by 
Penerbit UTHM 
Johor Darul Ta’zim, MALAYSIA. 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Edisi Pertama 2018 
© ShahironShahidan 
Sharifah Salwa Mohd Zuki 
Siti Radziah Abdullah 
 
Concrete Technology: Research and Applications Series 2 
 
iii 
 
CONTENTS 
 
PREFACE       
 
CHAPTER 1 The Properties of Foam Concrete as Lightweight 
 Concrete       1 
 Siti Barkeh Yahya, Syazwani Zamzam, Shahiron Shahidan, 
 Nur Amira Afiza Saiful Bahari     
  
CHAPTER 2  Strength of Hollow Section Filled with Foam   
   Polypropylene Fibre Concrete             19 
   Adibah Alya Shahari, Razaanah Mardhiyah Zainudin,  
   Sharifah Salwa Mohd Zuki, Shahiron Shahidan,  
   Alif Syazani Leman         
 
CHAPTER 3  Lightweight Concrete Rubber            36 
   Muhamad Yushairi Mohamad, Muhammad Faiz Mokhid,  
   Shahiron Shahidan, Alif Syazani Leman    
 
CHAPTER 4  Study Of Steel Fibre Reinforcement On Strenght Of  
   Lightweight Concrete                      49 
   Mohd Shauqi Lutfi Ahmad, Shamim Abd Haris,   
   Shahiron Shahidan, Nur Amira Afiza Saiful Bahari 
        
CHAPTER 5  Using Recycle Plastic As A Lightweight Aggregate For  
   Lightweight Concrete                      66
   Nik Mohamad Hamzah Nik Mohd Nawi,    
   Muhamad Zaki Muhamad Yusuf, Shahiron Shahidan,  
   Nur Amira Afiza Saiful Bahari    
    
CHAPTER 6  Effect of Sintered Fly Ash Lightweight Concrete in  
   Structural Concrete-An Overview             83 
   Khairaniizzati Amir Hamzah, Nur Zahirah Zulkifly, Sharifah  
   Salwa Mohd Zuki, Shahiron Shahidan    
    
CHAPTER 7  Sheet Glass Powder (Sgp) As A Sand    
   Replacement In Concrete Mixture         104 
   Faeez Rizwan Yahya, Muhamad Faza Talib,    
   Shahiron Shahidan    
  
CHAPTER 8  The Effectiveness Of Steel Slag For Aggregate   
   Replacement In Concrete Mixture         118  
   Muhammad Nazrin Mohd Lokman, Muhammad Hafiz  
   Lukman, Shahiron Shahidan, Alif Syazani Leman  
     
 
 
Concrete Technology: Research and Applications Series 2 
 
iv 
 
CHAPTER 9  Partial Replacement Of Fine Aggregate By Crump  
   Rubber In Lightweight Concrete          132 
   Siti Nurfatin Zainuddin, Izza Atira Abdul Halim,  
   Shahiron Shahidan      
 
CHAPTER 10  A Review On Agricultural Waste In    
   Concrete Material            146 
   Mohamad Haikal Asyraf Norazmi, Shahiron Shahidan 
   
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Concrete Technology: Research and Applications Series 2 
 
v 
 
LIST OF CONTRIBUTORS 
 
Adibah Alya Shahari 
Alif Syazani Leman 
Faeez Rizwan Yahya. 
Izza Atira Abdul Halim 
Khairaniizati Amir Hamzah 
Mohamad Haikal Asyraf Norazmi 
Mohd Shauqi Lutfi Ahmad 
Muhamad Faza Talib 
Muhamad Yushairi Mohamad 
Muhamad Zaki Muhamad Yusuf 
Muhammad Faiz Mokhid 
Muhammad Hafiz Lukman 
Muhammad Nazrin Mohd Lokman 
Muhammad Shamim Abd Haris 
Nik Mohamad Hamzah Nik Mohdnawi 
Nur Amira Afiza Saiful Bahari 
Nur Zahirah Zulkifly 
Razaanah Mardhiyah Zainudin 
Shahiron Shahidan 
Sharifah Salwa Mohd Zuki 
Siti Barkeh Yahya 
Siti Nurfatin Zainuddin 
Siti Radziah Abdullah 
Syazwani Zamzam 
 
 
 
 
 
 
 
 
 
Concrete Technology: Research and Applications Series 2 
 
vi 
 
PREFACE 
Concrete has a long journey that through flow the construction technology 
modernization. It transformed its use by engineers, architects, researchers, 
contractors, manufacturers and suppliers to raise the concrete in line with the 
globalization. A detail description of each chapter has been made as follows: 
 
Technology concrete is being well – know technologies in support of creative and 
effective development. Therefore, when considering the lifetime environmental 
impact of a building material; the extraction, production, operation, construction, 
demolition must have followed the latest technologies. A details description of each 
chapter has been made as follows: 
 
The Properties of Foam Concrete as Lightweight Concrete 
This chapter explained Foamed concrete as a lightweight concrete that can be 
exploited in civil engineering works. It is created by the mixture of foam agents in 
mortar to produce random air-voids that are mixed with the fresh concrete. This 
paper aims to review the properties of foam concrete because it can be used in a 
wide variety of application. The challenges for foam concrete are to enhance 
compressive strength while maintained low density and weight of the foam 
concrete. 
 
Strength of Hollow Section Filled with Foam Polypropylene Fibre 
Concrete 
This chapter deliberate past research that use hollow section filled with foam 
polypropylene fibre concrete. This review paper is to determine the strength and 
ductility of concrete filled hollow section. Composite column is formed based on 
combination of steel hollow section and concrete filled foam polypropylene fiber. 
Besides, with the used of foam polypropylene fiber, dead loads acting on the 
structure can be reduced and thus it proved to be lightweight concrete.  
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Lightweight Concrete Rubber 
In this chapter, the use of recycled materials as concrete ingredients is discussing 
because of environmental law increasingly stringent. The problem statement using 
rubber tires for reuse in concrete can benefit from more efficient use of rubber and 
beneficial to the environment and to reduce the cost of construction and it will be 
a new alternative to the current construction industry. 
                     
Study of Steel Fibre Reinforcement on Strength of Lightweight Concrete 
This chapter presents the use of lightweight concrete in structural concrete buildings. 
The load bearing structural members can be minimized and contributes into more 
economical of foundation. Previous study had shown that by using 1.2% steel fibre 
increased the tensile strength of the all-lightweight concrete more than twelve times. 
This chapter aims to identify the potential of adding steel fiber to enhance the 
strength of lightweight concrete. 
 
Using Recycle Plastic as a Lightweight Aggregate for Lightweight 
Concrete 
This chapter discuss an overviews on different type of research that has be 
conducted for the potential of mechanical properties of the lightweight concrete 
containing plastic waste. The material that has been selected is recycled plastic as 
replace material in concrete mixture. The effect of recycled plastic for the 
mechanical properties also presented in this chapter. 
 
Effect of Sintered Fly Ash Lightweight Concrete in Structural Concrete – 
An Overview 
This chapter focused on sintered fly ash aggregate to produce structural lightweight 
concrete. It discussed about the element parameters of the aggregate such as 
physical properties of fly ash as well as binders, the palletization parameters and its 
influence on the aggregate properties. This chapter also reviewed about the 
physical properties of the sintered fly ash aggregates. Thus, this chapter 
demonstrates that sintered fly ash aggregate concrete is one of the potential 
materials for the development of structural concrete. 
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Sheet Glass Powder (SGP) As a Sand Replacement in Concrete Mixture 
This chapter studied on the usage of glass powder in concrete. Glasses are one of 
the materials that can be used to replace sand. Recently, huge amount of sheet 
glass wastage goes to waste, which are not recycled and usually delivered to 
landfills for disposal. Using glass powder in concrete is an intriguing possibility for 
economy on waste disposal sites and conservation of natural resources.   
                  
The Effectiveness of Steel Slag for Aggregate Replacement in 
Concrete 
This chapter discussed the use of steel slag for aggregate replacement in concrete. 
The goal and purpose of this chapter to know the compressive strength of concrete 
and the workability of concrete in the cube to replace coarse aggregate with steel 
slag in the concrete mix. This chapter proved the suitability and workability properties 
of aggregate mixture with steel slag in the concrete mix that can be as a substitute 
aggregate in the concrete mix. 
 
Partial Replacement of Fine Aggregate by Crump Rubber in 
Lightweight Concrete 
In this chapter the use of crumb rubber as a partial replacement of fine aggregate 
in lightweight concrete is being discussed as tire waste was risk to health and 
environmental problem. This chapter summarizes, compare and draw general 
conclusion in term of properties of physical and mechanical of partial replacement 
of fine aggregate by crumb rubber in lightweight concrete. The physical properties 
in this chapter is specific gravity and density while mechanical properties are 
compressive strength and modulus of elasticity. 
 
A Review on Agricultural Waste in Concrete Material 
This chapter discuss the use on agricultural wastes in concrete material as 
lightweight. It aims to raise the concept about using these wastes through 
elaborating upon their engineering properties. This summary on existing expertise 
about the successful use of agricultural wastes between the concrete industry helps 
after discover other existing waste products for use in concrete making. From it 
identification by means of agricultural and civil engineers, considerable 
achievements can stay attained. 
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CHAPTER 2 
Strength of Hollow Section Filled with Foam Polypropylene Fibre 
Concrete 
Adibah Alya Shahari1*, Razaanah Mardhiyah Zainudin1, Sharifah Salwa Mohd Zuki1,  
Shahiron Shahidan1, Alif Syazani Leman1 
 
1 Jamilus Research Center, Faculty of Civil and Environmental Engineering, 
  Universiti Tun Hussein Onn Malaysia, 86400, Batu Pahat, Malaysia 
 *razaanahmardhiyah@gmail.com   
 
 Abstract  
Demand of Structural hollow section is a type of steel section which is widely 
used in structures. However, steel hollow section is slender. Thus, it can buckle 
and deflect easily when loads are applied. This review paper is to determine 
the strength and ductility of concrete filled hollow section. Composite 
column is formed based on combination of steel hollow section and 
concrete filled foam polypropylene fiber. Besides, with the used of foam 
polypropylene fiber, dead loads acting on the structure can be reduced 
and thus it proved to be lightweight concrete. Therefore, polypropylene fiber 
helps in increasing the ductility, strength, and buckling of concrete.   
 
 Keywords—polyprophelene, foam concrete, hollow section 
 
1.0 INTRODUCTION 
Nowadays, concrete is one of the most widely used as construction material. 
Concrete possessed several advantages over wood and steel and other 
construction materials such as flexibility in shaping, fire resistance, durability 
and ease of production and finally, more economy. However, along with 
these advantages, there are also shortcomings such as heavy weight, low 
tensile strength and brittle behaviour. According to [1], results have 
indicated that the ductility of concrete using fiber has been greatly 
increased. Moreover, an overall improvement in the application of fiber is 
the increase in tensile, flexural and shear strength thus, concrete cracking 
can be delayed and controlled with the application of fibers in concrete. In 
Concrete Technology: Research and Applications Series 2 
 
2 
 
 
this review paper, the objective is to determine the strength and ductility of 
concrete filled hollow section. Furthermore, by adding some kind of fibers 
such as Polypropylene fiber to concrete mixtures can increase the 
compressive strength. In this research, the hollow structural sections or 
structural hollow sections were the most reliable one. Due to high 
compressive strength, the application of these sections in present 
commercial market has been tremendously increased [2]. In order to 
increase the strength of concrete, structural hollow section will be filled with 
foam polypropylene fiber to form lightweight concrete. 
 
2.0 STRUCTURAL LIGHTWEIGHT CONCRETE 
This review involves studies on structural lightweight concrete filled steel 
hollow section, foam concrete and polypropylene fiber. Though there are 
many references discussing the performance of foamed concrete, there has 
been little research on the development of high-strength foamed concrete 
especially high strength foamed concrete reinforced with polypropylene 
fibers. The effects of foam volume and polypropylene fiber on the 
compressive strength, splitting tensile strength, and shrinkage were also 
investigated. 
 
2.1 FOAM CONCRETE 
Foam concrete is a type of lightweight concrete that is formed from cement, 
sand or fly ash, water, and the foam, which can be defined as a 
cementations material that consists of minimum 20 percent of foam that is 
mechanically entrained into the plastic mortar. The dry density of foamed 
concrete may vary from 300 to 1600 kg/m3. The compressive strength of 
foam concrete determined at 28 days, ranges from 0.2 to 10N/mm2 as 
shown in Fig. 1 or can go higher [3]. 
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Fig. 1: Foam concrete [4]. 
 
In addition, foam concrete is lighter, aerated, foam based concrete that 
requires less energy to produce. According to [5], foam concrete had the 
lowest density obtained by adding rice husk ash as admixture into the mortar 
mixture. The density is in the range of 1200 to 1600 kg/m3. It can have 
reached low density of 1000kg/m3 with 50% of foam volume as shown in Fig. 
2. 
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Fig. 2: Foam volume [5]. 
 
2.2 POLYPROPYLENE (PP) CONCRETE 
The basic mixture ingredients of polypropylene fiber reinforced concrete 
were Portland cement, coarse aggregate, fine aggregate, water, and 
collated fibrillated polypropylene fibers. An air entraining agent was added 
to provide for freeze-thaw resistance. Super plasticizer was added to 
unworkable mixtures in order to maintain certain limits on water/cement ratio 
and slump. The matrix composition in some mixtures was adjusted through 
partial substitution of Portland cement with a pozzolanic material (fly ash, 
slag, or silica fume). There is a satirically regular atomic arrangement in the 
polymer molecule and high crystalline. Due to regular structure, it is known 
as isotactic polypropylene. Chemical inertness makes the fibers resistant to 
most chemicals. Any chemical that attack the concrete constituents will 
have no effect on the fiber, while aggressive chemicals will deteriorate the 
concrete. The cement matrix can therefore penetrate in the mesh structure 
between the individual fibrils and create a mechanical bond between 
matrix and fiber. Hence according to [6], the properties of these three types 
of PP fibers were given in Table 1. 
Concrete Technology: Research and Applications Series 2 
 
5 
 
 
 
Table 1: Properties of various types of Polypropylene Fibers [6]. 
 
 
 
Fig. 3: Compressive strength ratio with Polypropylene fiber contents [7]. 
Fig. 3 shows compressive strength ratio of concrete with water/binder ration 
(w/b), lateral confinement material and the Polypropylene fiber contents, 
considering compressive strength of plain concrete [7]. As the Polypropylene 
fiber content increases, compressive strength increases slightly. This is due to 
the fact that toughness is improved due to an increase in crack arresting. 
Compressive strength of concrete, which is confined with lateral 
confinement materials, increases due to the increase of lateral confinement 
stress compared to that of plain concrete. In the case of metal fabric, the 
Fiber Type Length 
(mm) 
Diameter 
(mm) 
Tensile 
strength 
(MPa) 
Modulus 
of 
elasticity 
(GPa) 
Specific 
surface 
(m2/kg) 
Density 
(kg/cm3) 
Monofilament 30-50 0.30-0.35 547-658 3.50-7.50 91 0.90 
Microfilament 12.20 0.05-0.20 330-414 3.70-5.50 225 0.91 
fibrillated 19.40 0.20-0.30 500-750 5.00-
10.00 
58 0.95 
Concrete Technology: Research and Applications Series 2 
 
6 
 
 
increase of compressive strength is higher than that of glass fiber and carbon 
fiber. It is higher in the case of metal fabric M2 due to higher thickness of M2 
than in the case of metal fabric M1 as expected. When Polypropylene fiber 
is mixed, compressive strength ratio increases slightly by 1–3% due to the fact 
that polypropylene fibers has been reported to enhance the performance 
with respect to tensile and flexural strength of foam concrete, provided it is 
not affecting fresh concrete behavior and self-compaction [8]. 
 
2.3 LIGHTWEIGHT CONCRETE FILLED STEEL HOLLOW SECTION 
The steel hollow sections in-filled with concrete have higher strength and 
greater stiffness than the conventional structural steel sections and 
reinforced concrete sections [9]. Concrete that filled the hollow section is 
able to prevent local buckling and provide confinement to the concrete. 
Furthermore, compared to concrete hollow section without filling, the filled 
concrete hollow section is high in strength and large stiffness. Hence, it is able 
to constraint the concrete from cracking when earthquakes happen [10]. 
 Based on research conducted by [10], the specimens exhibited 
significant yield plateau with good ductility performance in the post-yield 
region. Strain hardening was specifically noted for steel hollow sections 
specimens B09 to B12. The characteristic of specimens tabulated in Table 2. 
The comparison of behavior of the specimens as shown in Fig. 4 suggests that 
the influence on the strength of concrete on the moment capacity of the 
specimen is insignificant, particularly for the specimens with large breadth-
to-height (B/H) ratios. This can be explained as less contribution of the core 
concrete to the flexural strength of the specimen as B/H ratios become 
larger. 
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Table 2: Material properties of specimens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Moment deflection relationship of specimens [10]. 
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Fig. 5: Compressive stress for different HFRC mixes [11]. 
 
In a research made by [11], Hybrid Fibre Reinforced Concrete (HFRC), was 
used. Steel fibres and polypropylene fibre was added to concrete in order 
to improve its properties such as fracture toughness, ductility, impact 
resistance and reduce the plastic cracking in concrete structure. From the 
compression test, result of HFRC cubes 0.75% steel fibre and 0.5% 
polypropylene fibre (Fig. 5) were fixed as the optimum dosage. Thus, HFRC 
has greater flexural strength and tensile strength than plain concrete. 
 
3.0 RESULT REVIEW 
The term according to [12], tensile stress by preparing standard specimens 
for hot formed and hot finished hollow section of size 180mm x 180mm x 
12.5mm and cold form hollow section of size 200mm x 200mm x12.5mm, the 
stress-strain graph was produced by combining the result of each steel 
hollow section (SHS) tested. The yield strength and ultimate strength of cold 
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formed section is higher that hot formed section as shown in Fig. 6. Hence, 
Figure 6 also shows that the hot formed and hot finished hollow section have 
yield plateau, which is absent in the cold formed curve. Furthermore, cold 
formed section has average yield strength of 521.1Mpa, while hot formed 
section has average yield strength of 410.6Mpa. The ultimate strength of cold 
formed and hot formed section are 559.2Mpa and 531.0Mpa respectively 
 
 
 
Fig. 6: Typical stress-strain curves of the tested SHSs [12]. 
 
Table 3: Overhang of residential units by states. 
 
 
 
 
 
 
 
 
 
Target 
plastic 
density: 
kg/m3 
Actual plastic 
density: kg/m3 
Fibre content: % 
mix volume2 
28 day 
compressive 
strength: N/mm2 
1400 
1405 
1395 
1420 
0 
0.25 
0.50 
21 
25 
32 
1600 
1620 
1605 
1580 
0 
0.25 
0.50 
26 
33 
38 
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In addition, Table 3 shows that the addition of polypropylene fiber in foam 
concrete is able to increase the 28 days compressive strength of the foam 
concrete. The effect of this on the engineering properties of 1400 and 1600 
kg/m3 fine fly ash foamed concretes (mixes 21, 22) 29 is summarized in Table 
2. Overall, the compressive, flexural strengths (tested to BS EN 12390-5)30 and 
E-values increased with the addition of fibers, with the most marked 
increases noted at 0.50% rate and 1400 kg/m3 density. More specifically, the 
28 days compressive and flexural strengths at this density were up to 52 and 
58% higher than the reference respectively. 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Graph of Strength with Age [8]. 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Increase in Strength with increase in Density [8]. 
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Fig. 9: Effect of fibers volume on compressive strength [13]. 
 
Based on research conducted by [8] where the aim is to determine the 
influence of the density and compressive strength of foamed concrete with 
and without sand, the result illustrated in Fig. 7 and Fig. 8. Fig. 7 shows the 
compressive strength of foamed concrete is increases with age, and based 
on Fig. 8, it can be seen that the compressive strength of foamed concrete 
is low for lower density mixtures and increase with increase in density. The 
increment of voids throughout the sample caused by the foam in the mixture 
will lower the density. As a result, compressive strength will also decrease with 
the increment of those voids. It is observed that the compressive strength 
and density increases with age. 
 
4.0 DISCUSSION 
Cube test was done to determine the compressive strength of normal 
concrete, foam concrete, and foam concrete with polypropylene fiber. As 
shown in Figure 9 declaring that the compressive strength of high-strength 
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concrete (HSC) was 85MPa and of high-strength steel fiber-reinforced 
concrete (HSFRC) provided an improvement at each volume fraction. This 
illustrate that the average compressive strength of foam concrete with 
polypropylene fiber is higher than the average compressive strength of 
foamed concrete. These also been observe by other researcher [13, 14, 15]. 
Furthermore, it can be clearly see that thicker steel hollow section can sustain 
higher axial loading. Axial load of foam concrete filled hollow section with 
polypropylene can achieve around 480 to 530kN. According to [16], the 
strength of concrete filled hollow section decrease as the breadth-to-
thickness ratio (B/t) increase. This also proved by [17], which explain that 
squash load of normal concrete filled hollow section is higher than 
lightweight concrete filled hollow section. Hence, this is due to the fact that 
foam concrete filled hollow section only can sustain an axial load of about 
500kN while, for normal concrete filled hollow section and axial load can 
reach more than 1000kN. The cube strength of normal weight and 
lightweight concrete was compared in Table 4. 
 
Table 4: Cube strength of normal and lightweight concrete [17]. 
 
Concrete type Cube Strength, fcu (Average Value) (MPa) 
Density, (Average 
Value) (kg/m3) 
Normal weight 
aggregate concrete 33.4 2081 
Lightweight aggregate 
concrete 10 1390 
 
 
In addition, hollow section filled with polypropylene fiber added in foam 
concrete also has a higher strength index compared with hollow section 
filled with foam concrete. This is due to the reason that the addition of 
polypropylene fiber is able to increase the strength of concrete. Moreover, 
this fact is supported by [18], mean the local buckling effects the specimen 
was postponed effectively. Thus, polypropylene is able to postpone the 
buckling effect of concrete filled hollow section. 
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Fig. 10: Tensile specimen stress–strain curves [19]. 
 
Other than that, [19] has proved that the hollow section with thicker wall has 
higher tensile strength and greater resistance to buckling but lower ductility. 
Based on Fig. 10 the highest yield stress, Fy, measured was 613 MPa from the 
weld specimen (w) of the HSS 203 × 152 × 9.5, while the lowest measured 
yield stress was 411 MPa for the specimen taken. All specimens used in 
previous research made by [19], had yield and ultimate strengths greater 
than specified ASTM A500 GR. B standard. The specimens show low ductility 
with high yield and ultimate strength with average Fy of 549Mpa and Fu of 
611Mpa. 
 
5.0 CONCLUSION 
The compressive strength of concrete cubes after 28 days of curing is higher 
than the compressive strength of concrete cubes with 7 days of curing. 
Meanwhile, foamed concrete cubes adding with polypropylene fiber can 
achieve a compressive strength lower than normal foamed concrete. The 
hollow section with a thicker wall has higher tensile strength and greater 
resistance to buckling, but lower ductility [19]. In addition, lightweight 
concrete filled hollow section was used in this research due to the fact that 
lightweight concrete provides higher bond strength than normal concrete in 
composite section [20]. Lastly, foamed concrete used in this review research 
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has been proved in workability because of the present of air voids in the 
concrete. These compressive strength increase exponentially as density 
increase. Therefore, foamed concrete is weaker than compressive strength 
as the density of foamed concrete is lower. Hence, foamed concrete is 
better in development of strength compared to normal weight concrete [8]. 
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